We explain the electron-positron excess reported by the DAMPE collaboration recently in a radiative Dirac seesaw model where a dark U (1) X gauge symmetry can (i) forbid the tree-level Yukawa couplings of three right-handed neutrinos to the standard model lepton and Higgs doublets, (ii) predict the existence of three dark fermions for the gauge anomaly cancellation, (iii) mediate a testable scattering of the lightest dark fermion off the nucleons. Our model can also accommodate a successful leptogenesis to generate the cosmic baryon asymmetry.
I. INTRODUCTION
The DAMPE collaboration [1] recently has reported a direct measurement of the high-energy cosmic-ray electrons and positrons with unprecedentedly high energy resolution and low background. While its largest part is well fitted by a smoothly broken power-law model, the spectrum seems to have a narrow bump above the background at around 1.4 TeV [1] . If a dark matter (DM) particle is expected to account for the DAMPE excess, it should mostly annihilate into the electron-positron pairs. Such electrophilic DM annihilation can be easily achieved in two ways: (i) a Majorana [2, 3] or Dirac [4, 5] DM fermion couples to the charged leptons with a singlycharged mediator scalar, (ii) a DM scalar couples to the charged leptons with a singly-charged mediator lepton [6] . By choosing the related Yukawa couplings, the DM could mostly couple to the electron-positron pairs and hence their annihilation could explain the DAMPE excess. There have been a number of works studying the DAMPE excess [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
On the other hand, the phenomena of neutrino oscillations have been established by the atmospheric, solar, accelerator and reactor neutrino experiments [24] . This means three flavors of neutrinos should be massive and mixed. Meanwhile, the cosmological observations have indicated that the neutrinos should be extremely light, i.e. their masses should be in a sub-eV range [24] . The tiny neutrino masses can be naturally induced at tree level by the so-called type-I [25] , type-II [26] and type-III [27] seesaw mechanisms. Alternatively, the seesaw mechanism can be realized at loop level in association with the DM particles [3] . In these popular seesaw scenarios, the neutrino masses originate from some lepton-numberviolating interactions and hence the neutrinos have a Majorana nature. However, we should keep in mind that the theoretical assumption of the lepton number violation and then the Majorana neutrinos have not been confirmed by any experiments. So it is worth studying the Dirac neutrinos. In analogy to the seesaw mechanisms * Electronic address: peihong.gu@sjtu.edu.cn for the Majorana neutrinos, we can construct the type-I [28] , type-II [29] and type-III [30] Dirac seesaw as well as the radiative Dirac seesaw [31] for the Dirac neutrinos.
In the Majorana or Dirac seesaw models, we can further realize a leptogenesis [32] mechanism with lepton number violation [32] or without lepton number violation [33, 34] in order to generate the cosmic baryon asymmetry [24] . In the Majorana or Dirac radiative seesaw models, the DM fermions can only annihilate into the lepton pairs [3] [4] [5] . We hence can try to explain the DAMPE excess in these radiative seesaw models. It would be more interesting to simultaneously understand the neutrino mass, the DAMPE DM and the baryon asymmetry.
In this paper we shall consider a dark U (1) X gauge symmetry to forbid the Yukawa couplings of three righthanded neutrinos to the standard model (SM) lepton and Higgs doublets. To cancel the gauge anomaly we introduce three dark fermions, which can acquire their Dirac masses with three gauge-singlet fermions after the U (1) X symmetry breaking. We also impose an unbroken U (1) G global symmetry under which the dark Dirac fermions, one scalar doublet and two scalar singlets are odd while the others are even. The right-handed neutrinos can obtain their Yukawa couplings to the SM lepton and Higgs doublets at one-loop level. The lightest dark Dirac fermion can keep stable to serve as a DM particle and its dominant annihilation into the electron-positron pairs can explain the DAMPE excess. Through a U (1) kinetic mixing, this DM can be verified in the direct detection experiments. Furthermore, the lepton-numberconserving decays of the scalar singlets can produce a lepton asymmetry in the SM lepton doublets and an opposite lepton asymmetry in the right-handed neutrinos to realize a successful leptogenesis. This paper is organized as follows. In Sec. II, we introduce the model. In Sec. III, we give the radiative Dirac neutrino masses. In Sec. IV, we demonstrate the leptogenesis. In Sec. V, we discuss the DM annihilations and scatterings. Finally, we make a conclusion in Sec. VI.
II. THE MODEL
We denote the non-SM scalars and fermions by
Here and thereafter the first and second brackets describe the transformation under the SM SU (3) c × SU (2) L × U (1) Y gauge symmetry and the dark U (1) X gauge symmetry. The right-handed neutrinos ν R and the fermion singlets χ c L,R carry a lepton number L = +1 while the scalars do not carry any lepton numbers. The model also respects a U (1) G global symmetry, under which only the fermions χ L,R and the scalars η and σ are non-trivial.
We write down the Yukawa and scalar couplings relevant to the generation of DM relic, neutrino mass and baryon asymmetry,
2 )(0) being the SM lepton and doublets. We also give some terms in the scalar potential,
It should be noted that the U (1) X gauge boson X µ has a kinetic mixing with the
The U (1) G global symmetry will not be broken at any scales. So the scalar singlets σ and the scalar doublet η will not develop any vacuum expectation values (VEVs). The scalar singlet ξ is responsible for spontaneously breaking the U (1) X gauge symmetry, i.e.
with v ξ and h ξ being the VEV and the Higgs boson. At this stage, the fermion singlets χ L,R can obtain their Dirac masses,
The U (1) X gauge boson X µ can also acquire its mass,
with g X being the U (1) X gauge coupling.
On the other hand, the SM Higgs doublet φ drives the electroweak symmetry breaking as usual,
The new Higgs boson h ξ then can mix with the SM one h φ through their Higgs portal interaction, i.e.
The mass eigenvalues should be
corresponding to the physical states,
In addition, due to the U (1) kinetic mixing (4), the U (1) X gauge boson X µ , which well approximates to a mass eigenstate for a small kinetic mixing, should be a dark photon with the couplings to the SM fermion pairs, i.e.
The fermion singlets χ L,R , the scalar singlets σ and the scalar doublet η can mediate a one-loop diagram to give the Yukawa couplings of the right-handed neutrinos ν R to the SM lepton and Higgs doublets l L and φ, after the Higgs singlet ξ develops its VEV to spontaneously break the U (1) X gauge symmetry, i.e. L ⊃ −y αβlLα φν Rβ + H.c. with
It is easy to check that the effective Yukawa couplings y αβ can be highly suppressed by the heavy masses M σ . This means a tiny Dirac neutrino mass.
We should keep in mind that one massless neutrino is allowed by the experimental data. Even if the lightest fermion singlet χ 1 has no Yukawa couplings to the SM lepton doublets l L and the right-handed neutrinos ν R , we can obtain a neutrino mass matrix with two non-zero eigenvalues. If the lightest fermion singlet χ 1 only couples to the first generation of the lepton doublets and the right-handed neutrinos, we can choose the Yukawa couplings involving the other fermion singlets χ 2,3 to obtain a desired neutrino mass matrix, i.e 1 16π 2 y Le1
As we will show later, by setting the following parameters,
the lightest fermion singlet χ 1 can serve as the DM particle for the DAMPE excess. These parameter choice may be understood by additional symmetries such as the Froggatt-Nielsen mechanism [36] .
IV. LEPTOGENESIS
The scalar singlets σ a have two decay modes,
The subsequent decays of the scalar doublet η are
At one-loop level, the scalar singlets σ a can decay to generate an asymmetry stored in the scalar doublet η, an opposite asymmetry stored in the fermions χ R and an opposite lepton asymmetry stored in the right-handed neutrinos ν R , i.e.
Due to the subsequent decays (17) , the asymmetry stored in the scalar doublet η will be transferred to an asymmetry stored in the SM lepton doublets l L and an equal asymmetry stored in the fermions χ L . So, the decays of the scalar singlets σ a eventually can lead to a lepton asymmetry stored in the SM lepton doublets l L and an opposite lepton asymmetry stored in the right-handed neutrinos ν R . As for the fermions χ L,R , they cannot obtain any asymmetries from the above decaying processes.
The lepton asymmetry stored in the right-handed neutrinos ν R do not participate in the SU (2) sphalerons [35] , so that the lepton asymmetry stored in the SM lepton doublets l L can work for a leptogenesis. We calculate the decay width Γ a at tree level,
and the CP asymmetry ε a at one-loop level,
The Yukawa couplings y R can contain some CP phases. In this case, the above CP asymmetries can acquire a non-zero value. Actually, this CP asymmetry can be resonantly enhanced if the two scalar singlets σ a,b have a quasi-degenerate mass spectrum [37] . Moreover, the decaying scalar singlets σ a are gauge singlets. So we can expect a successful leptogenesis through the scalar singlet decays. More details will be studied elsewhere.
V. DAMPE DARK MATTER
The lightest fermion singlet χ 1 can keep stable to serve as a DM particle and hence can explain the DAMPE excess if it has a mass m χ 1 ≃ 1.4 TeV and mostly annihilates into the electron-positron pairs.
For the parameter choice (15), the fermion singlet χ 1 can annihilate into the first generation of the SM leptons through the t-channel exchange of the charged component of the scalar doublet η. The annihilation cross section is
The dark photon X µ and the new Higgs boson h ξ can mediate the s-channel annihilation of the fermion singlet χ 1 into the SM species. However, these annihilations can be safely ignored by taking the related masses heavy enough while the related couplings small enough. Indeed, we can fastly estimate
The s-channel contributions (22) can be much smaller than the t-channel contribution (21) for appropriate choices of the parameters. In this case the fermion singlet χ 1 can mostly annihilate into the electron-positron pairs to account for the DAMPE excess. At the same time, the fermion singlet χ 1 can scatter off the nucleons at tree level through the t-channel exchange of the dark photon and the mixing Higgs bosons h ξ and h φ . Furthermore, the Yukawa couplings in Eq. (2) will lead to a coupling of the dark fermion to a virtual photon and hence to the quark current. For simplicity, we only consider the mediation of the real dark photon and the virtual ordinary photon. The effective operators at quark level for the scattering should be [38] 
with Q q being the electric charge of the quark q. The scattering cross section can be computed by
As an example, we take
to get
We hence can obtain the observed DM relic density [24] and explain the DAMPE excess. Although the dark photon has a negligible contribution to the DM annihilation, it can mediate a testable DM-nucleon scattering [39] In this paper we have shown the DAMPE excess can be understood together with the small neutrino mass and the cosmic baryon asymmetry in a radiative Dirac seesaw model. Specifically, the tree-level Yukawa couplings of three right-handed neutrinos to the SM lepton and Higgs doublets are exactly forbidden by the dark U (1) X gauge symmetry. Then three dark fermions are introduced to cancel the gauge anomaly. When the dark Higgs singlet drives the U (1) X symmetry breaking, the dark fermions can acquire their Dirac masses with three gauge-singlet fermions. The model also contains one scalar doublet and two scalar singlets. The Dirac neutrinos can obtain the tiny mass at one-loop level. The lightest dark fermion can keep stable to serve as the DM particle and can mostly annihilate into the electron-positron pairs. The U (1) kinetic mixing can mediate a testable DM-nucleon scattering in the direct detection experiments. Through the lepton-number-conserving decays of the scalar singlets, the SM lepton doublets can obtain a lepton asymmetry to participate in the sphaleron processes for a successful leptogenesis, while the right-handed neutrinos can obtain an opposite lepton asymmetry.
